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Abstract Since	  the	  passage	  of	  the	  Clean	  Water	  Act,	  concern	  about	  surface	  water	  quality	  has	  increased.	  Reducing	  exposure	  to	  pathogens	  and	  adverse	  impacts	  on	  human	  health	  because	  of	  contact	  with	  surface	  waters	  has	  become	  the	  focus	  of	  many	  regulatory	  agencies.	  Fecal	  pollution	  is	  often	  a	  cause	  of	  surface	  water	  impairment.	  Fecal	  indicators,	  such	  as	  fecal	  coliforms	  and	  Escherichia	  coli,	  are	  used	  as	  surrogates	  to	  evaluate	  the	  presence	  or	  absence	  of	  fecal	  pollution.	  However,	  a	  growing	  body	  of	  research	  has	  shown	  that	  these	  species	  lack	  key	  characteristics	  necessary	  to	  be	  adequate	  indicators.	  As	  such,	  explorations	  into	  the	  efficacy	  of	  indicator	  species	  in	  predicting	  fecal	  pollution	  in	  water	  are	  necessary.	  	  Sinking	  Creek	  is	  a	  tributary	  of	  the	  Watauga	  River	  Watershed,	  located	  in	  Northeast	  Tennessee.	  Approximately	  ten	  miles	  of	  Sinking	  Creek	  have	  been	  placed	  on	  the	  national	  303(d)	  list	  for	  fecal	  pollution,	  denoting	  the	  presence	  of	  fecal	  contamination	  exceeding	  the	  regulatory	  limit.	  
Salmonella	  and	  Aeromonas	  are	  two	  enteric	  pathogens	  that	  would	  be	  expected	  to	  be	  detected	  in	  fecally	  contaminated	  waters.	  The	  primary	  objective	  of	  this	  study	  was	  to	  detect	  the	  presence	  of	  Salmonella	  and	  Aeromonas	  in	  Sinking	  Creek.	  The	  secondary	  objective	  was	  to	  evaluate	  their	  relationship	  with	  fecal	  coliforms,	  E.	  	  coli,	  and	  water	  quality	  parameters.	  Six	  study	  sites	  along	  Sinking	  Creek	  were	  sampled	  and	  standard	  methods	  were	  used	  to	  enumerate	  Salmonella	  and	  Aeromonas.	  Samples	  for	  	  
Salmonella	  were	  collected	  for	  8	  months,	  while	  samples	  for	  	  Aeromonas	  	  were	  collected	  for	  seven.	  Salmonella	  and	  Aeromonas	  were	  present	  in	  Sinking	  Creek.	  
Salmonella	  had	  the	  highest	  concentration	  at	  site	  2	  (the	  most	  downstream	  site),	  and	  was	  detected	  during	  all	  months	  of	  the	  study	  except	  for	  November.	  Salmonella	  concentrations	  varied	  by	  site.	  Aeromonas	  was	  present	  only	  during	  colder	  months,	  and	  had	  the	  highest	  concentration	  at	  site	  2.	  Both	  Salmonella	  and	  Aeromonas	  show	  qualitative	  relationships	  with	  water	  quality	  parameters,	  such	  as	  dissolved	  oxygen	  and	  conductivity.	  However,	  statistically	  significant	  correlations	  of	  Salmonella	  and	  
Aeromonas	  with	  water	  quality	  parameters	  were	  not	  observed.	  The	  lack	  of	  statistical	  significance	  is	  partially	  due	  to	  large	  variability	  and	  a	  small	  data	  set.	  Neither	  
Salmonella	  or	  Aeromonas	  exhibited	  a	  relationship	  with	  fecal	  coliforms	  or	  E.	  coli.	  Therefore,	  fecal	  coliforms	  and	  E.	  coli	  may	  not	  be	  adequate	  indicator	  species	  for	  the	  presence	  of	  Salmonella,	  Aeromonas	  and	  possibly	  other	  waterborne	  pathogens.	  Traditional	  indicator	  species	  may	  inflate	  risk	  of	  pathogen	  exposure.	  Thus,	  many	  water	  bodies	  may	  be	  unnecessarily	  deemed	  as	  impaired.	  The	  results	  from	  this	  study	  can	  be	  used	  to	  guide	  further	  research	  regarding	  covariates	  influencing	  pathogen	  densities	  at	  fecally	  contaminated	  sites,	  as	  well	  as	  to	  guide	  decisions	  regarding	  impaired	  surface	  waters	  and	  management	  techniques.	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Chapter 1 
 
INTRODUCTION 
Water is a natural resource vital to human survival. Water is a simple molecule 
comprised of one oxygen atom and two hydrogen atoms. While the quantity of water on 
earth does not change, the location of water reservoirs does change through alteration of 
the hydrological cycle by natural and anthropogenic processes. Degradation of water 
quality can occur through physical, chemical, and biological means. The fate and 
transport of microorganisms that influence and impair surface waters is of great interest 
to the public health community. In 2012, waterborne diseases accounted for 842,000 
deaths globally (WHO, 2016). While many of these deaths occurred in developing 
nations with limited access to potable drinking water lacking or absent human waste 
management infrastructure, the disease burden associated with impaired surface waters is 
also important in developed nations (WHO, 2016; CDC, 2016; EPA; 2007). The effect of 
waterborne diseases in the United States is most apparent in the direct and indirect costs 
associated with diarrheal infections (EPA, 2007). Recreational exposure to contaminated 
surface water is a common and important exposure pathway. Input of pathogens into 
surface water systems is often exacerbated by anthropogenic activities, such as point 
source distribution (a business dumping wastes into a stream) or nonpoint source 
distribution (run-off after a rain event carrying fecal pathogens from an agricultural site 
into a stream). The goal of public health officials is to minimize the risk of potential 
disease by locating and estimating sources of contamination, estimating their contribution 
to the total quantity of pollution, and preventing pollution from entering water systems 
when a system is overloaded (thus presenting a public health risk).  
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To ascertain if a fecal pollution problem exists in a water body, fecal indicator 
bacteria are used. Indicator bacteria are surrogate organisms used to estimate probability 
of pathogen impairment. These surrogates are important from a practical and regulatory 
standpoint; to measure for individual contaminants can be costly and time consuming. 
Therefore, indicators can provide a “snapshot” of overall system health, as well as allude 
to quality issues that may impact both human health and the ecological health of the 
system. There are several types of indicator species, tapered to the biological pollution 
being investigated. Each type of indicator species must meet conditional requirements 
that justify its accuracy in risk calculation.  
 As of 2015, the world population is greater than 7 billion (World Bank, 2016). 
With a growing human population, demands on natural resources will increase. Water is 
necessary to maintain internal homeostasis of plants and animals, to grow crops for 
consumption, to process coal used to power homes and industries, in the manufacturing 
of materials, to wash dishes, to perform other domestic tasks, and for recreation.  
Non-typhoidal Salmonella and Aeromonas spp. are pathogenic bacteria 
transmitted via the fecal oral route. Salmonella can cause gastrointestinal distress leading 
to dehydration (Jiménez et. al., 2014). Aeromonas is a pathogen causing necrotizing 
fasciitis and has also has been associated with traveler’s diarrhea in humans (US EPA, 
2001). Direct measurements of individual species can be costly and time consuming; 
therefore, indicator organisms are used to quantify fecal contamination. Escherichia coli 
and Enterococci are the current fecal indicators used for setting regulatory standards. 
However, studies comparing E. coli counts with specific fecal bacteria are lacking. Other 
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studies have shown that E. coli is not an ideal indicator, and better indicators should be 
investigated (Anderson et. al., 2005). 
GOALS & OBJECTIVES 
There were two primary goals of this study. The first was to detect the presence of 
Salmonella and/or Aeromonas in 6 sites on Sinking Creek. Multiple tube fermentation 
with most probable number estimates was used to determine Salmonella concentrations. 
Aeromonas concentrations were determined by membrane filtration with direct colony 
counts. If the pathogens were detected, the second goal was to compare how they 
correlate with the indicator organism E. coli and historic indicators such as fecal 
coliforms, as well as physical and chemical parameters. Sinking Creek, in the Watauga 
River watershed, has 10.0 E. coli impaired miles (TDEC, 2015). A Total Maximum Daily 
Load (TMDL) has been implemented because of its placement on the federal 303(d) list 
for pathogen impairment (TDEC, 2002).  
The results of this study can further the understanding of the effectiveness of E. 
coli as an indicator species. Based on federal surveillance data, it was hypothesized that 
Salmonella would be found in Sinking Creek. However, because Salmonella is a sensitive 
organism, it was hypothesized that concentrations would not be high. It was hypothesized 
that Aeromonas would not be present. If either species are present, it was hypothesized 
that they would not fluctuate, or have a statistically significant relationship, with indicator 
species. 
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REVIEW OF LITERATURE & BACKGROUND 
Clean Water Act 
The Clean Water Act (CWA) was passed by the United States Congress in 1972. 
The law provides enforceable minimum standards for drinking and surface water at a 
national level (USEPA, 2002).  The focus of the CWA is to decrease human exposure to 
toxic doses of pollutants through regulation. Impairment of streams and tributaries can be 
highly variable depending on nutrient, heavy metal, pathogen content, and acid load 
(Elshorbagy et al., 2005). Bodies of water are considered noncompliant with the CWA if 
contaminant levels exceed the maximum value established by the total maximum daily 
load (Elshorbagy et al., 2005). The TMDL describes the maximum amount of pollution a 
water body can receive daily while being in compliance with the CWA (USEPA, 2012). 
Noncompliant bodies of water are placed on the 303(d) list (USEPA, 2012).  To manage 
surface waters, point source vs. nonpoint source contamination is distinguished. Point 
sources are clearly identified origins of contamination, such as a company dumping 
chemicals in a stream. Point sources are referred to as “waste load allocations” (WLA). 
Non point sources, or “load allocations” (LA), do not have clear easily identified sources 
(TDEC, 2015). Current research focuses on techniques to establish correlations between 
non-point sources and factors influencing presence and concentration of fecal 
contaminants (Furtula et al., 2012). Ribotyping, microspectroscopy, genomic 
fingerprinting, and polymerase chain reaction are methods used to target and mark host 
specific DNA or RNA, called bacterial source tracking (Gallagher, 2008; Furtula et al., 
2012; Carlos et al., 2011). If current non point sources can be tracked through an 
environment and a host species can be identified, implementation of TMDL’s for that 
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water body will be more accurate. Compliance to water quality standards is individually 
governed at the state level. After a stream or tributary is placed on the 303(d) list, the 
state implements a plan to assess and restore the stream or tributary. After a two-year 
period, the body of water is re-evaluated (USEPA, 2002). The Tennessee Department of 
Environment and Conservation, Division of Water Resources (TDEC) is the agency 
primarily responsible for the assessment and management of bodies of water in 
Tennessee (TDEC, 2015).  
Watershed Management Approach, Total Maximum Daily Loads 
To manage the surface waters in Tennessee, TDEC divides the state into drainage 
areas, known as watersheds. The watershed management approach allows for an isolated 
view of pollution issues (Potter et al., 2004). Pollution from point sources is more easily 
identified at the watershed level, as is information concerning land use patterns and best 
management practices (TDEC, 2015).  Implementation of TMDL’s in Tennessee involves 
a five-step development plan. As of 2011, 792 water bodies in Tennessee have United 
States Environmental Protection Agency (US EPA) approved TMDL’s (TDEC, 2014). 
Two-hundred-thirty-six of these waters are impaired due to fecal contamination, resulting 
from agricultural point sources and livestock grazing (USEPA, 2010; Hall et al., 2014).  
The Watauga River Watershed (HUC 06010103) was evaluated using the 
watershed management approach in 1998, and was placed on the 303(d) list for fecal 
contamination (TDEC, 2015). The watershed has remained on the 303(d) list, and a 
TMDL proposal was submitted by TDEC for approval by the USEPA in 2015 (TDEC, 
2015). According to the report, approximately 140 miles of the watershed are impaired 
due to E. coli. These areas are considered to be in critical condition and have been given 
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priority. A TMDL is calculated by establishing load allocations based on point source and 
non-point source values (TDEC, 2015). From these values, margins of safety (MOS) are 
decided. The general formula for overall TMDL is: TMDL = WLAs + LAs + MOS. Total 
TMDL is a daily load expressed as a function of mean daily flow, with each flow zone 
having a designated TMDL target level (TDEC, 2015). The overall health of a body of 
water, especially in regards to human health, is encompassed in the assessment and 
management of water bodies through TMDL establishment. 
The TMDL approach to water body management may be flawed. It does not 
discriminate between pathogen source origins, such as livestock vs. humans (Kay et al., 
2008). It also neglects significant land use patterns, which have changed due to 
urbanization and depleted forests (Hall et al., 2014; Kay et al., 2008). For these reasons, 
partial portions of streams may be impaired, and not the water body as a whole. 
While assimilating and evaluating data to support and implement TMDL’s is 
important, a key to TMDL success is to engage the community (USEPA, 2014).  
Government officials, county leaders, storm water managers, farmers, and owners of 
septic systems must be made aware of water quality issues to which they contribute 
(Hornbeek et al., 2008). Point source contribution can be remediated by obtaining the 
cooperation of the community (Hornbeek et al., 2008). To inform the community 
concerning health risks in their watershed, identification and assessment of individual 
pathogens must be made available to the public. In addition to information being 
provided, the methods by which the data were collected and statistically analyzed must be 
accurate and reliable (Anderson et al., 2005). Current studies conducted on Watauga 
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River watershed have shown some success using antibiotic resistant analysis and 
ribotyping (Gallagher, 2008). 
Indicator Organisms 
Concern about the quality of surface water, particularly for recreational use, has 
increased the need for understanding of fate and transport of pollutants (Hall et al., 2014). 
Indicator organisms are species that serve as surrogates of the overall health of a water 
body. Indicator organisms are typically coliform bacteria, which are useful in indicating 
fecal pollution because they reside in the intestines of mammals (Gerba, 2015). Ideal 
water-pathogen indicators satisfy the following criteria: 1. They should be useable in all 
types of water 2: They should be present when enteric pathogens are present 3: They 
should survive in the environment longer than other enteric pathogens 4: They should not 
readily reproduce in water 5: Tests to detect the organism should be easy to perform 6: 
The populations density of the indicator should have a direct relationship with water 
pollution 7: The organism should be a mammalian enteric organism (Gerba, 2015).  
E. coli, are bacteria ubiquitous to soil, water, and food. There are many species of 
E. coli, some of which have adverse consequences to human health, others of which are 
beneficial. However, strains such as E. coli 0157 are known pathogens (CDC, 2014).  E. 
coli is naturally found in warm-blooded animal fecal-material. It can be easily 
discriminated from other thermotolerant coliforms that may be harmful to human health 
(Paruch and Maehlum 2012). Therefore, E. coli can be used as an indicator species for 
other fecal bacteria that may be present (EPA, 2012). The presence of certain strains of E. 
coli can indicate a specific source of pollution because these strains are unique to specific 
host organisms (Anderson et al., 2004). Traditionally, fecal coliform and E. coli counts 
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have been used to indicate fecal contamination. Recent research has shown that E. coli is 
not always associated with fecal sources. Some fecal indicator bacteria replicate in 
aquatic environments (Field and Samadpour, 2007). The ability of E. coli to persist 
outside of its host species and its persistence result in a false positive indication of fecal 
contamination (Anderson et al., 2004).  Development of alternative indicators to detect 
fecal pollution has become necessary. McLellan and Eren (2014) successfully used 
isolation of 16S rRNA gene and oligotyping to identify host patterns in microbiomes. 
This research allows for assessment of a microbial community as opposed individual 
gene isolation. Though sophisticated methods such as these are important for bacterial 
source tracking, more must be understood about the adaptation, selection and drivers of 
the biome before it is considered reliable (McLellan and Eren, 2014).  
There are other organisms that indicate overall health of a waterbody, such as 
benthic invertebrates. Benthic invertebrates are used as a large scale, qualitative tool 
(TDEC, 2014). Studies conducted in geographic proximity to the Watauga River 
watershed have relied heavily on benthic community structure to predict water quality 
(Potter et al., 2004). While these studies validate the statistical relation between rainfall 
and contamination levels, they are not meant to draw cause-and-effect relationships 
(Potter et al.). Thus, to pinpoint sources of contamination, microbial communities may be 
better indicators of fecal contamination (Elshorbagy et al., 2005).  
 
Sinking Creek 
Sinking Creek is a tributary of the Watauga watershed with ten miles of E. coli 
contamination (TDEC, 2015). The proposed bacterial TMDL for Sinking Creek is 1.212 
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x 1012 counts/ 30 days (TDEC, 2000). The pollutants originate from discharges from 
municipal point source and pasture grazing, as well as unknown sources (TDEC, 2015).  
The Watauga River watershed is located in East Tennessee and includes portions 
of Johnson, Sullivan, Unicoi, and Washington Counties. 1,061 stream miles drain 
approximately 871 square miles into the Boone reservoir (TDEC, 2002). The largest 
portion of the land is designated for pasture grazing (37.21%), and forest (15.00%). Use 
of the watershed has been designated for fish and aquatic life, recreation, irrigation, 
livestock, and wildlife  (TDEC, 2015). These designations have varying water quality 
standards for pathogen load (USEPA, 2014).  Consideration of land use patterns is 
important in evaluating point source versus non-point source contamination (Hall et al., 
2013). Proper management of point source pollution through TMDL’s has improved 
surface water quality (Hornbeek et al., 2008). However, sampling methods and models 
used by the state of Tennessee (30-d geometric mean) do not account for variables such 
as land use patterns, seasonal variations, or precipitation (Hall et al., 2014).  
Salmonella spp. 
Salmonella are bacteria that cause gastroenteritis (CDC, 2011).  Symptoms of 
salmonellosis are cramping and diarrhea which can lead to dehydration. In the US, 
Salmonella causes over 1.2 million illnesses per year (CDC, 2011). Symptoms can last 
between 4-7 days and typically are not fatal. In elderly, young, or immune-compromised 
individuals, Salmonella infections can cause further complications and, rarely, death. The 
two most common species of Salmonella are S. tyhphirimium and S. enterica. Salmonella 
infections are the second leading cause of foodborne illness, after norovirus (Scallan et 
al., 2011). Though Salmonella is primarily considered a foodborne pathogen, there has 
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been growing concern regarding exposure from recreational and drinking water (Johnson 
et al., 2011). Salmonella exposure via contaminated water is of particular interest because 
it can survive outside of the host organism for extended periods of time (Jiminez et al., 
2014). Temporal and spatial variation can affect the survival of certain serotypes of 
Salmonella, but certain ecological systems have a natural prevalence of salmonella 
(Jiminez et al., 2014). Concerns due to resistance of Salmonella to antibiotics have also 
increased (Efstratiou, 2004). Salmonella typhirium and S. enterica are of particular 
interest. The resistance to antibiotics is zoonotic in origin, and develops during the period 
the bacteria are harbored in the host animal (Threlfall, 2002). From a human health 
perspective, the ability of Salmonella to persist in the environment and resist antibiotic 
treatment will complicate the treatment of waste effluent. This effluent commonly 
discharges into recreational areas (Gallagher, 2008). 
Johnson et al. (2011) reported higher Salmonella concentrations than E. coli 
015:H7 concentrations in municipal storm pipes. Proximity of drainage areas to animal 
facilities (CAFO’s) influenced concentrations of E. coli and Salmonella. However, the 
analysis did not evaluate weather patterns or geography. Efstratiou (2004) reported 
similar results in a study conducted on the coast of Greece. A positive correlation 
between E. coli  and Salmonella was found, but Efstratiou used EU standards, which are 
different than USEPA standards.  
Aeromonas spp. 
Aeromonas are gram negative, facultative anaerobe bacteria of recent concern to 
human health (Castro et al., 2014). Aeromonas spp. produce dermal lesions, such as red 
sore disease, in several fish populations such as bass, carp, and trout (Huizinga et al., 
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1979). Aeromonas hydrophilia is the agent that causes redsore disease in fish. 
Researchers noticed a trend in thermal elevation in water with instance of red sore 
(Huizinga et al., 1979). Concern over the instance of A. hydrophilia as a cause of 
traveler’s diarrhea has grown. Controversy had surrounded claims that Aeromonas is a 
gastroentitis-causing agent for two reasons. First, Aeromonas taxonomy is not well 
established, so differentiation among strains is subjective (Subashkumar et al., 2014). 
Subashkumar et al. evaluated random amplification of polymorphic DNA (RAPD) and E 
enterobacterial repetitive intergenic consensus (ERIC) CR to isolate strains of A. 
hyrdophilia, a significant heterogeneity was observed. The growth of each group in the 
laboratory was centered on the origin of the strain, from human diarrhea stool samples, 
milk, and fish. This study showed that samples obtained from stools collected from 
infected children were genetically different than those present in the environment. In 
another study, stool samples of healthy individuals were compared to hospital patients 
experiencing gastro complications (Edberg et al., 2007). Both contained A. hydrophilia. 
Beta-hemolysis has been reported as the major contributor to virulence, but the complete 
mechanism is not understood (Edberg et al., 2007). 
Second, Burke, et al. (1984) showed that Aeromonas was resistant to chlorine. 
Using multiple regression analysis, concentrations of E. coli and Aeromonas were 
measured after chlorine treatment. Underwater and aboveground sources gathered during 
periods of varying weather were compared. On 36 occasions, Aeromonas species were 
found after chlorine treatment of surface water, while E.coli was shown in none. Water 
temperature and chlorine interaction was shown to have the greatest influence on 
Aeromonas species, which further invalidates the use of E. coli as an indicator of this 
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organism (Burke et al., 1984). As a result of discrepancies regarding strain virulence and 
human health outcomes, management of Aeromonas has proven to be tricky (Edberg et 
al., 2007).   
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Chapter 2 
MATERIALS & METHODS 
 The purpose of this study was to determine if Salmonella and Aeromonas species 
were present in the Sinking Creek tributary of the Watauga River Watershed, part of the 
Upper Tennessee River Basin. If these species were present, the secondary purpose of 
this study was to compare how, and if, they correlated with concentrations of fecal 
indicators, physical parameters, and chemical parameters.  
	  Figure	  1:	  Map	  of	  Watauga	  River	  Watershed,	  TDEC,	  2002	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  Figure	  2:	  Land	  Use	  Patterns	  in	  the	  Watauga	  River	  Wastershed,	  TDEC,	  2002	  
 
Site Description 
The sampling sites used were (Gallagher, 2008) :  
Table 1: Description of Sampling Site Used 
Site Number Description 
2 Bob Peoples Bridge, 25m upstream from 
bridge 
4 Joe Carr Road, behind last house on right at 
end of road 
8 Upstream of Bosch NPDES discharge 
point, Approx. 150m upstream from 
discharge pipe 
13 Dry Creek Road, Approx. 5km upstream 
from site 13 and 500m from the road 
AW Above Wetlands 
BW Below Wetlands 
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From a downstream to upstream order, the sample sites are: 2, 4, AW, BW, 8, 13 
(with 2 being the most downstream and 13 being the most upstream). 
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  Figure	  3:	  Map	  of	  Sampling	  Sites	  with	  Land	  Use	  Pattern	  overlay.	  National	  Land	  Cover	  Data	  Set.	  Used	  with	  permission	  from	  Dennis	  Gilfillan. 
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1. Collection 
Sample Collection 
Samples for Salmonella were collected during the months of July, August, 
September, October, November, December, February and March. Samples for 
Aeromonas were collected during the months of August, September, October, November, 
December, February, and March. Six sites were chosen to sample. Sites were chosen 
based on geometric means of E.coli that were (relatively) high, as well as land use 
patterns. Samples were collected and analyzed in duplicate. Non-typhoidal Salmonella 
and Aeromonas spp. were analyzed in the ETSU Environmental Health Sciences 
Laboratory (EHSL) using protocols established by the United States Environmental 
Protection Agency (USEPA, 2001; USEPA, 2012). Three steps were involved in 
determining the presence of Salmonella and Aeromonas: 1. Collection 2. Detection 3. 
Analysis. Once the presence of these species was confirmed, the values obtained were 
compared to the indicator species as well as water quality parameters collected at the 
sampling site.  
Samples were collected in sterilized Whirlpak bags. Samples were collected by 
hand using the grab sampling technique, and were kept on ice in an incubated cooler (US 
EPA, 2012). Samples were stored in a refrigerator in the EHSL, and temperature was 
maintained at 0-10° C. Sample analysis began within 31 hours of collection time. 
Samples were brought to room temperature before analysis (USEPA, 2012). The 
experiment involved using a 15 tube most probable number (MPN) technique. All culture 
media was prepared in the ETSU EHSL. 
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Physical & Chemical Parameters 
 In addition to microbial analysis, physical and chemical parameters were 
measured. Water temperature, ambient temperature, pH, and conductivity were measured 
at each site. All measurements were taken with calibrated gauges in the field. Discharge 
was calculated as a function of depth, width, and velocity of creek. Dissolved oxygen was 
measured in the laboratory the day following sample collection. 
2. Analyses 
Microbial Analyses 
Fecal coliform concentrations were determined according to the Standard 
Methods for Examination of Water and Wastewater (APHA, 1992). Colonies were 
enumerated after inoculation onto a plate containing selective media, and recorded as 
CFU/100 mL. Microbial analysis was conducted within 6 hours of sample collection. For 
fecal coliforms, 0.5 mL of sample was poured through a filtration apparatus with a 0.45 
µm membrane filter. The filter was then placed on a plate containing m-FC media, 
inverted, and incubated for 24 hours at 44.5°C. 
E.coli concentrations were determined using the Colilert Quanti-Tray method 
(APHA, 1992). Packets of substrate were added to 100 mL of sample water, and then 
poured into a Quanti-tray, sealed with a Quanti-tray sealer, and incubated for 24 hours at 
37°C. After incubation, a MPN technique was used to determine the concentration of 
E.coli. Both fecal coliforms and E.Coli were quantified by staff of the EHSL, as were 
values for dissolved oxygen. 
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Salmonella  
Detection of Salmonella consisted of using selective and non-selective media 
followed by confirmation (US EPA, 2012). This was achieved through 3 steps: a) 
selective enrichment b) isolation c) confirmation of colonies  (CRL-Salmonella, 2004; 
US EPA, 2012).  
Procedure: 
A) Tryptic soy broth (TSB) was used for selective enrichment. TSB allows for 
quantitative and qualitative analysis using the MPN technique. TSB tubes were arranged 
in 3 rows of 5 tubes. Row 1 contained 10 mL 3X TSB solution. Row 1 was inoculated 
with 20 mL of undiluted sample. Row 2 contained 5 mL of 3X TSB solution. It was 
inoculated with 10 mL of undiluted sample. Row 3 contained 10 mL of 1X TSB solution. 
It was inoculated with 1 mL of undiluted sample. Tubes were then incubated at 36°C 
±1.5 for 24 ±2 hours. 
B) Isolation of Salmonella was done using Modified semisolid Rappaport-
Vassiliadis (MSRV) Agar with novobiocin. Any tubes that exhibited growth after TSB 
incubation were used in the MSRV isolation stage. Six discrete 30 µL drops from each 
tube were dispersed on an MSRV agar. Drops were spread evenly throughout the plate. 
Plates remained at room temperature for one hour as drops were absorbed into media. 
After one hour, they were incubated for at 42.0°C ± 0.5°C for 16-18 hours. 
C) Salmonella colonies were verified using xylose lysine deoxycholate (XLD) 
Agar.  Any MSRV (plates) that exhibited whitish halos or turbidity were assumed 
positive for Salmonella and were used for XLD confirmation. A sterile inoculating loop 
was used to stab the outer edge of the halo around a colony on the MSRV plate, partially 
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penetrating the media. Inoculum from the loop was streaked onto an XLD plate. XLD 
plates were incubated at 36.0°C for 18-24 hours. Colonies isolated from the XLD plates 
were used for biochemical analysis of Salmonella. Three tests were performed for 
biochemical analyses: triple sugar iron agar, lysine iron agar, and urea broth. The triple 
sugar iron agar (TSI) and lysine iron agar  (LIA) should yield positive results, and the 
urea broth should be negative. All caps were loosened to prevent anaerobic conditions. 
a) A sterile inoculating needle was used to streak the TSI slant with a colony 
isolated from the XLD plate. TSI was incubated at 36.0± 1.5°C for 24+2 hours. 
Presence of Salmonella caused a purple butt and slant. In the presence of H2S gas, 
the butt appeared black. 
 b) A sterile inoculating needle was used to streak the slant of LIA          
agar.  LIA was incubated at 36.0±1.5°C for 24 ±2 hours. Presence of          
Salmonella caused a purple slant and purple butt. In the presence of H2S gas, the 
butt appeared black. 
 c) A sterile inoculating loop was used to inoculate a urea broth  
tube.  Urea broth was incubated at 36.0±1.5°C for 24± 2 hours. A positive test, 
which should not occur for Salmonella, produced a color change from orange to 
pink or dark purple. A negative test exhibited no color change.   
 
Aeromonas spp. 
Detection of Aeromonas spp. was accomplished using a membrane filtration 
method. Because discrepancies exist about Aeromonas taxonomy, species of Aeromonas 
were non-discriminately detected. Using the membrane filtration method, Aeromonas is 
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considered to be: oxidase positive, resistant to ampicillin, and will ferment trehalose and 
produce indole (EPA, 2001).   
Media was prepared in the ETSU EHSL. Storage time did not exceed 24 hours, 
and tests were conducted the same day as samples were collected. Two steps were 
involved in the detection of Aeromonas: A) filtration and B) Confirmation. 
Procedure: 
A) Filtration involved isolating Aeromomas spp. by filtering >100 mL of sample 
water through a 0.45 µm-pore-size membrane to collect organisms. Filtration methods 
and standards described by “EPA Method 1605” were strictly adhered to. Membranes 
were placed on an ampicillin dextrose agar with vancomycin (ADA-V) after samples 
were filtered through them. The ADA-V was incubated at 35.0± 0.5°C for 24± 2 hours. 
After incubation, colonies assumed to contain Aeromonas species appeared yellow or 
yellow with green edges (EPA, 2001). These colonies were used for confirmatory tests. 
B) There were 3 tests that positively confirm Aeromonas spp.:  a) Oxidase test b) 
trehalose fermentation and c) indole production. 
 a) Colonies that exhibited yellow growth on the ADA-V were presumed positive for    
Aeromonas and used in the oxidase confirmation test. Selected colonies were 
streaked onto a nutrient agar plate and incubated at 35°C ± 0.5°C overnight. After 
incubation, colonies present on the nutrient agar plate were applied to an oxidase 
dry slide using a plastic applicator. Positive results yielded a blue/purple color 
within ten seconds. Presence of a blue/purple color after a ten second time interval 
(and no longer) were assumed to contain Aeromonas species. 
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b) Trehalose fermentation was the second confirmation for Aeromonas. Colonies 
from the nutrient agar were placed in a tube containing 3-10 mL .05% trehalose in a 
purple broth base. Tubes were incubated at 35.0°C±0.5°C for 24 ± 2 hours. Positive 
tests showed a color change of the medium from purple to yellow. 
c) Indole confirmation began on the same day as trehalose confirmation. It was the 
third and final confirmation test for Aeromonas species.  Colonies from the nutrient 
agar plate were inoculated in a tube containing 3-10 mL tryptone broth. Tubes were 
incubated at 35°C ± 0.5°C for 24 ±2 hours. After incubation, .2-.3 mL of Kovac’s 
reagent was added to the tubes. A positive test showed a change from the original 
color to a pink/ red color on the surface layer of the tube.  
If colonies were oxidase, trehalose, and indole positive, they were considered 
positive for Aeromonas (EPA, 2001). 
3. Analysis: 
 For Salmonella, the dilution scheme described above was used to generate 
positives per dilution, per sample, per site (e. g., 5-5-3). These dilution positives were 
then extrapolated using an MPN Index (Appendices) to obtain a value of MPN/100 mL. 
These values, per duplicate, were then used to calculate a geometric mean per site. Then, 
the site geometric means were log transformed. Non-detects were recorded as 0.64, as 
specified by the method. 
 For Aeromonas, presumptive colonies (total colonies on ADA-V media assumed 
to be positive after incubation), colonies submitted for testing, and colonies confirmed as 
positive, were recorded. From these values, the CFU/ 100 was calculated. To calculate 
Aeromonas CFU/100, the number of colonies confirmed as positive was divided by the 
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number of colonies submitted for testing multiplied by the number of colonies presumed 
to be positive. Then, that value was multiplied by the product of 100 divided by the 
volume of sample filtered (500 mL). From these values, site geometric means were 
calculated. Then, the geometric means were log transformed. Values were rounded to the 
nearest whole number. Non-detects were recorded as half of the detection limit (.5). 
 Prior to analysis, data sets that were not normally distributed were log 
transformed (Fecal coliforms, E.coli, Aeromonas, Salmonella, discharge). Data generated 
were analyzed using Statplus, Microsoft Excel, and Minitab. Statplus was used to analyze 
variances between site and season using ANOVA testing. Pearson’s correlations to show 
statistically significant relationships were also generated using Statplus. Excel was used 
to generate basic graphs exhibiting site and season fluctuations per parameter. Minitab 
was used to create box-and-whisker plots that show distribution of the data, as well as to 
generate statistics about the box-and-whisker-plots.  
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Chapter 3 
RESULTS 
Fecal coliform concentrations were the lowest at site BW during October, and 
highest at site 8 during July. Fecal coliform concentrations ranged from approximately 
two to four CFU/100 mL.  There was a spike in fecal coliform concentrations during the 
month of December (Figure	  4). 
	  Figure	  4:	  Fecal	  Coliforms	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sampling	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represents	  the	  log	  transformed	  population	  densities	  of	  fecal	  coliforms	  in	  colony	  forming	  units	  (CFU)	  per	  100	  mL.	  The	  column	  colors	  correspond	  to	  the	  month	  sampled.	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E.coli	  concentrations	  were	  the	  highest	  at	  site	  8	  during	  the	  month	  of	  July,	  and	  lowest	  at	  AW	  during	  September.	  Overall,	  site	  13	  had	  the	  lowest	  concentrations	  of	  
E.coli,	  and	  site	  2	  had	  the	  highest	  concentrations.	  A	  surge	  in	  E.coli	  occurred	  during	  the	  month	  of	  December	  (Figure	  5).	  
	  Figure	  5:	  E.	  Coli	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sampling	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represents	  the	  log	  transformed	  most	  probable	  number	  (MPN)	  population	  densities	  of	  E.coli	  per	  100	  mL.	  The	  column	  colors	  correspond	  to	  the	  month	  sampled.	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The highest concentrations of Salmonella were obtained during the months of 
July and August at site 13. However, site 2 had the highest average concentrations of 
Salmonella. A surge in Salmonella was not observed during the month of December. July 
and March were the months with the highest concentrations of Salmonella (Figure	  6).  
	  Figure	  6:	  Salmonella	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sampling	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represents	  the	  log	  transformed	  most	  probable	  number	  (MPN)	  population	  densities	  of	  Salmonella	  per	  100	  mL.	  The	  column	  colors	  correspond	  to	  the	  month	  sampled.	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   Aeromonas	  was	  only	  detected	  at	  sites	  8,	  AW,	  4,	  and	  2.	  Site	  2	  had	  the	  highest	  overall	  concentration	  of	  Aeromonas,	  with	  significant	  concentrations	  occurring	  during	  the	  months	  of	  December,	  October,	  and	  November.	  An	  isolated	  spike	  in	  
Aeromonas	  concentrations	  occurred	  at	  site	  8	  during	  the	  month	  of	  October	  (Figure	  7).	  
	  Figure	  7:	  Aeromonas	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represents	  the	  log	  transformed	  population	  densities	  of	  Aeromonas	  in	  colony	  forming	  units	  (CFU)	  per	  100	  mL.	  The	  column	  colors	  correspond	  to	  the	  month	  sampled.	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Dissolved oxygen concentrations were highest during the month of September 
and lowest during the month of March. With the exception of those two months, 
dissolved oxygen concentrations were approximately between six to eight ppm. 
Dissolved oxygen indicates the quantity of oxygen available to aquatic organisms, and a 
baseline value is used to determine the biochemical oxygen demand per site (Figure 8). 
	  Figure	  8:	  Dissolved	  Oxygen	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represents	  the	  concentration	  of	  dissolved	  oxygen	  in	  parts	  per	  million	  (ppm).	  The	  column	  colors	  correspond	  to	  the	  month	  sampled.	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 The pH concentrations were significantly higher during the month of March. The 
pH was lowest during November at site 2. Average concentrations at all sites were 
between 6.5 to 8. A pH value below 7 (neutral) indicates acidic conditions, while pH 
values above 7 indicate basic conditions (Figure 9). 
	  Figure	  9:	  pH	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represent	  the	  pH.	  The	  column	  colors	  correspond	  to	  the	  month	  sampled.	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Ambient temperature was lowest at site 2 during the month of March, and was 
highest at site 13 during the month of August. On average, ambient temperatures were 
highest during the months of August and July. Site 2 had the lowest ambient temperature. 
Ambient temperature is the measure of the atmospheric temperature surrounding each 
site (Figure 10).	   	  
	  Figure	  10:	  Ambient	  Temperature	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represents	  the	  ambient	  temperature	  in	  °C.	  The	  column	  colors	  correspond	  to	  the	  month	  sampled.	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 Water temperature was the highest during the month of July at site 8. A distinct 
pattern by month is observed, with warmest water temperatures occurring during the 
summer months and decreasing per month. Water temperature measurements reveal 
thermal influences, which change with the season (Figure 11). 
	  Figure	  11:	  Water	  Temperature	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represents	  the	  water	  temperature	  in	  °C.	  The	  column	  colors	  correspond	  to	  the	  month	  sampled. 
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Discharge was the lowest at site 13 during August and September, and the highest 
during the month of December. Discharge is calculated as the product of width, height, 
and velocity of water at each sampling site. An increased discharge rate indicates an 
increase in flowing water volume. During warmer months, this can mean rainfall, and 
during colder months, this can mean thawing of snow (Figure 12).  
	  
	  Figure	  12:	  Discharge	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represents	  the	  log	  transformed	  discharge	  in	  m3/sec.	  The	  column	  colors	  correspond	  to	  the	  month	  sampled.	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  Conductivity was lowest at site 13, and highest at site 2. The months with the highest 
conductivity were during the summer. Conductivity is the measure of dissolved metal ions, 
and conductivity would be expected to decrease during colder months, which was the 
observed trend (Figure 13). 
	  
	  Figure	  13:	  Conductivity	  by	  Site	  &	  Month.	  The	  X-­‐axis	  longitudinally	  represents	  the	  sites,	  with	  13	  being	  the	  most	  upstream	  and	  2	  being	  the	  most	  downstream.	  The	  Y-­‐axis	  represents	  the	  conductivity	  in	  umohs.	  The	  column	  colors	  correspond	  to	  the	  month	  sampled. 
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 Salmonella and E.coli concentrations do not correlate. While E.coli many show a 
significant increase (point 9), Salmonella population densities remain low. Fluctuations in 
E.coli are not predictive of fluctuations in Salmonella (Figure 14).  
	  	  Figure	  14:	  Salmonella	  &	  E.coli	  Non-­‐relationship.	  Each	  point	  on	  the	  X-­‐axis	  represents	  a	  specific	  sampling	  month	  and	  site	  (for	  example,	  August	  at	  site	  2).	  The	  Y-­‐axis	  represents	  the	  most	  probable	  number	  (MPN)	  per	  100	  mL	  of	  both	  Salmonella	  and	  
E.coli.	   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-­‐1.00	  0.00	  
1.00	  2.00	  
3.00	  4.00	  
5.00	  6.00	  
1	   3	   5	   7	   9	   11	   13	   15	   17	   19	   21	   23	   25	   27	   29	   31	   33	   35	   37	   39	   41	   43	   45	   47	  
M
PN
/1
00
	  m
L	  
Corresponding	  Data	  Points	  (Site	  and	  Month)	  
Salmonella	  &	  E.Coli	  Complete	  Data	  Line	  Graph	  
Salmonella	  (log)	  EC	  (log)	  
	   42	  
  Dissolved oxygen means per site show an inverse, qualitative relationship with 
Salmonella means per site. When dissolved oxygen increases, Salmonella decreases, 
showing that a relationship may exist between the two (Figure 15; Figure 16).  
	  	  Figure	  15:	  Dissolved	  Oxygen	  Mean	  by	  Site.	  The	  X-­‐	  axis	  represents	  the	  sampling	  sites,	  while	  the	  Y-­‐axis	  represents	  the	  dissolved	  oxygen	  concentration	  in	  ppm.	  Points	  on	  the	  line	  represent	  means	  per	  site.	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  Figure	  16:	  Salmonella	  Mean	  by	  Site.	  	  The	  X-­‐	  axis	  represents	  the	  sampling	  sites,	  while	  the	  Y-­‐axis	  represents	  the	  log	  transformed	  MPN	  Salmonella	  population	  densities.	  Points	  on	  the	  line	  represent	  means	  per	  site. 
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 Pearson’s Correlation Coefficient Matrices show the relationship between two 
parameters. For Salmonella, differences in concentrations may be explained by site 
patterns, but not by any other parameter (Table 2). For Aeromonas, a relationship is not 
observed by site, month, or any other parameters (Table 3). Relationships between water 
quality parameters and fecal coliforms, as well as E.coli, do exist (Table 2). Table	  2:	  Results	  from	  Pearson’s	  Correlation	  Coefficient	  Matrix	  for	  Salmonella.	  This	  table	  shows	  the	  relative	  relationship	  between	  two	  parameters,	  and	  whether	  one	  parameter	  can	  be	  used	  to	  explain	  the	  other	  (a	  linear	  regression).	  A	  p-­‐value	  below	  .05%	  indicates	  the	  null	  hypothesis	  (HO)	  should	  be	  rejected,	  and	  a	  relationship	  exists. 	  
     
    Site  Month Salmonella 
Site  R      
 
R Standard 
Error       
 t       
 p-value       
 H0 (5%)       
Month R 0.    
 
R Standard 
Error 0.02174     
 t 0.     
 p-value 1.     
 H0 (5%) accepted     
Salmonella R -0.01674 -0.34413  
 
R Standard 
Error 0.02173 0.01916   
 t -0.11354 -2.48581   
 p-value 0.9101 0.01662   
 H0 (5%) accepted rejected   
Fecal 
Coliforms R -0.32094 0.23907 0.07774 
 
R Standard 
Error 0.0195 0.0205 0.02161 
 t -2.29831 1.66986 0.52886 
 p-value 0.02614 0.10174 0.59945 
 H0 (5%) rejected accepted accepted 
E. Coli R -0.26855 0.07112 0.02067 
 
R Standard 
Error 0.02017 0.02163 0.02173 
 t -1.89086 0.48355 0.14021 
 p-value 0.06495 0.631 0.88911 
 H0 (5%) accepted accepted accepted 
DO R -0.07206 0.18973 -0.24942 
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R Standard 
Error 0.02163 0.02096 0.02039 
 t -0.48999 1.31059 -1.74687 
 p-value 0.62647 0.1965 0.08733 
 H0 (5%) accepted accepted accepted 
Water Temp. R 0.0451 0.46132 0.08269 
 
R Standard 
Error 0.02169 0.01711 0.02159 
 t 0.30618 3.52646 0.56274 
 p-value 0.76085 0.00097 0.57634 
 H0 (5%) accepted rejected accepted 
Ambient Temp R 0.29976 0.0779 0.10061 
 
R Standard 
Error 0.01979 0.02161 0.02152 
 t 2.13104 0.52994 0.68583 
 p-value 0.03846 0.5987 0.49626 
 H0 (5%) rejected accepted accepted 
pH R -0.08118 -0.19024 0.06762 
 
R Standard 
Error 0.0216 0.02095 0.02164 
 t -0.55238 -1.31426 0.45966 
 p-value 0.58336 0.19527 0.64793 
 H0 (5%) accepted accepted accepted 
Discharge R -0.36159 -0.26571 -0.03556 
 
R Standard 
Error 0.0189 0.0202 0.02171 
 t -2.63037 -1.86936 -0.2413 
 p-value 0.01156 0.06795 0.81039 
 H0 (5%) rejected accepted accepted 
Conductivity R -0.61809 0.12448 -0.00936 
 
R Standard 
Error 0.01343 0.0214 0.02174 
 t -5.33268 0.85091 -0.06347 
 p-value 2.85601E-6 0.39923 0.94967 
 H0 (5%) rejected accepted accepted 
          	  Table	  3:	  Results	  from	  Pearson’s	  Correlation	  Coefficient	  Matrix	  for	  Aeromonas.	  This	  table	  shows	  the	  relative	  relationship	  between	  two	  parameters,	  and	  whether	  one	  parameter	  can	  be	  used	  to	  explain	  the	  other	  (a	  linear	  regression).	  A	  p-­‐value	  below	  .05%	  indicates	  the	  null	  hypothesis	  (HO)	  should	  be	  rejected,	  and	  a	  relationship	  exists.	  	  	  
    Site  Month Aeromonas 
Site  R      
 R Standard Error       
 t       
 p-value       
 H0 (5%)       
Month R 0.    
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 R Standard Error 0.025     
 t 0.     
 p-value 1.     
 H0 (5%) accepted     
Aeromonas R -0.10128 0.25293  
 R Standard Error 0.02474 0.0234   
 t -0.64388 1.65345   
 p-value 0.52333 0.10607   
 H0 (5%) accepted accepted   
Salmonella R -0.0621 -0.3665 0.02628 
 R Standard Error 0.0249 0.02164 0.02498 
 t -0.39352 -2.49132 0.16628 
 p-value 0.69603 0.01697 0.86878 
 H0 (5%) accepted rejected accepted 
Fecal Coliforms R -0.36332 0.31673 0.01449 
 R Standard Error 0.0217 0.02249 0.02499 
 t -2.46636 2.11192 0.09167 
 p-value 0.01803 0.04099 0.92742 
 H0 (5%) rejected rejected accepted 
E. Coli R -0.36226 0.09655 0.19779 
 R Standard Error 0.02172 0.02477 0.02402 
 t -2.45807 0.61353 1.27614 
 p-value 0.0184 0.543 0.20927 
 H0 (5%) rejected accepted accepted 
DO R -0.0614 0.18217 -0.02321 
 R Standard Error 0.02491 0.02417 0.02499 
 t -0.38905 1.17178 -0.14683 
 p-value 0.6993 0.24822 0.884 
 H0 (5%) accepted accepted accepted 
Water Temp. R 0.00953 0.61832 0.06349 
 R Standard Error 0.025 0.01544 0.0249 
 t 0.06029 4.97579 0.40235 
 p-value 0.95223 0.00001 0.68957 
 H0 (5%) accepted rejected accepted 
Ambient Temp R 0.36483 0.14878 -0.17991 
 R Standard Error 0.02167 0.02445 0.02419 
 t 2.47822 0.95157 -1.15672 
 p-value 0.01752 0.34703 0.25425 
 H0 (5%) rejected accepted accepted 
pH R -0.04794 -0.20701 -0.19695 
 R Standard Error 0.02494 0.02393 0.02403 
 t -0.30355 -1.33824 -1.27051 
 p-value 0.76304 0.18838 0.21124 
 H0 (5%) accepted accepted accepted 
Discharge R -0.37021 -0.26214 0.07598 
 R Standard Error 0.02157 0.02328 0.02486 
 t -2.52051 -1.71802 0.48194 
 p-value 0.01581 0.09353 0.63248 
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 H0 (5%) rejected accepted accepted 
Conductivity R -0.57829 0.14684 0.09797 
 R Standard Error 0.01664 0.02446 0.02476 
 t -4.48304 0.93886 0.62261 
 p-value 0.00006 0.35344 0.53708 
 H0 (5%) rejected accepted accepted 
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 ANOVA tests illustrate whether a difference between the means of two groups 
exists. According to the ANOVA results, the only significant difference between site and 
month patterns exists between Aeromonas and month (Table3; Table 4). Statistical power 
limitations are present because of the small amount of positives obtained from a small 
data set. Table	  4:	  Results	  from	  Salmonella	  by	  Site	  One-­‐way	  ANOVA.	  This	  table	  shows	  the	  differences	  in	  means	  between	  two	  groups,	  and	  whether	  those	  differences	  are	  statistically	  significant.	  A	  p-­‐level	  below	  .05%	  indicates	  the	  means	  are	  different	  at	  that	  confidence	  level.	  
 
Analysis of Variance (One-Way) 
       
Summary             
Groups Sample 
size 
Sum Mean Variance     
2 8 4.15458 0.51932 0.37143   
4 8 1.92227 0.24028 0.32294   
BW 8 0.24678 0.03085 0.13677   
AW 8 3.11701 0.38963 0.44284   
8 8 -1.02581 -0.12823 0.01532   
13 8 3.27645 0.40956 0.75806     
       
ANOVA             
Source of 
Variation 
SS df MS F p-level F crit 
Between 
Groups 
2.46734 5 0.49347 1.44616 0.22791 2.43769 
Within 
Groups 
14.33154 42 0.34123    
       
Total 16.79888 47         	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Table	  5:	  Results	  from	  Salmonella	  by	  Month	  One-­‐Way	  ANOVA.	  This	  table	  shows	  the	  differences	  in	  means	  between	  two	  groups,	  and	  whether	  those	  differences	  are	  statistically	  significant.	  A	  p-­‐level	  below	  .05%	  indicates	  the	  means	  are	  different	  at	  that	  confidence	  level.	  	  
Analysis	  of	  Variance	  (One-­‐Way)	  	   	   	   	   	   	   	  
Summary	   	  	   	  	   	  	   	  	   	  	   	  	  
Groups	   Sample	  
size	  
Sum	   Mean	   Variance	   	  	   	  	  
July	   6	   3.68269	   0.61378	   0.58528	   	   	  
August	   6	   3.73835	   0.62306	   0.45315	   	   	  
September	   6	   0.01862	   0.0031	   0.16261	   	   	  
October	   6	   0.87611	   0.14602	   0.38838	   	   	  
November	   6	   -­‐1.16292	   -­‐0.19382	   0.	   	   	  
December	   6	   -­‐0.64201	   -­‐0.107	   0.01896	   	   	  
February	   6	   2.11145	   0.35191	   0.25886	   	   	  
March	   6	   3.06898	   0.5115	   0.59717	   	  	   	  	  	   	   	   	   	   	   	  
ANOVA	   	  	   	  	   	  	   	  	   	  	   	  	  
Source	  of	  
Variation	  
SS	   df	   MS	   F	   p-­‐level	   F	  crit	  Between	  Groups	   4.47685	   7	   0.63955	   2.07612	   0.06882	   2.24902	  Within	  Groups	   12.32203	   40	   0.30805	   	   	   	  	   	   	   	   	   	   	  
Total	   16.79888	   47	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Table	  6:	  Results	  from	  Aeromonas	  by	  Month	  One-­‐Way	  ANOVA.	  This	  table	  shows	  the	  differences	  in	  means	  between	  two	  groups,	  and	  whether	  those	  differences	  are	  statistically	  significant.	  A	  p-­‐level	  below	  .05%	  indicates	  the	  means	  are	  different	  at	  that	  confidence	  level.	  	  	  
Analysis	  of	  Variance	  (One-­‐Way)	  	   	   	   	   	   	   	  
Summary	   	  	   	  	   	  	   	  	   	  	   	  	  
Groups	   Sample	  
size	  
Sum	   Mean	   Variance	   	  	   	  	  
August	   6	   3.	   0.5	   0.	   	   	  
September	   6	   3.	   0.5	   0.	   	   	  
October	   6	   10.24	   1.70667	   2.85227	   	   	  
November	   6	   6.58	   1.09667	   1.85299	   	   	  
December	   6	   9.85	   1.64167	   7.82042	   	   	  
February	   6	   3.	   0.5	   0.	   	   	  
March	   6	   4.08	   0.68	   0.1944	   	  	   	  	  	   	   	   	   	   	   	  
ANOVA	   	  	   	  	   	  	   	  	   	  	   	  	  
Source	  of	  
Variation	  
SS	   df	   MS	   F	   p-­‐level	   F	  crit	  Between	  Groups	   10.51661	   6	   1.75277	   0.96457	   0.46322	   2.37178	  Within	  Groups	   63.60035	   35	   1.81715	   	   	   	  	   	   	   	   	   	   	  
Total	   74.11696	   41	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Table	  7:	  Results	  from	  Aeromonas	  by	  Site	  One-­‐Way	  ANOVA.	  This	  table	  shows	  the	  differences	  in	  means	  between	  two	  groups,	  and	  whether	  those	  differences	  are	  statistically	  significant.	  A	  p-­‐level	  below	  .05%	  indicates	  the	  means	  are	  different	  at	  that	  confidence	  level.	  	  	  
Analysis	  of	  Variance	  (One-­‐Way)	  	   	   	   	   	   	   	  
Summary	   	  	   	  	   	  	   	  	   	  	   	  	  
Groups	   Sample	  
size	  
Sum	   Mean	   Variance	   	  	   	  	  
2	   7	   18.04	   2.57714	   6.62362	   	   	  
4	   7	   3.71	   0.53	   0.0063	   	   	  
BW	   7	   3.5	   0.5	   0.	   	   	  
AW	   7	   4.	   0.57143	   0.03571	   	   	  
8	   7	   7.	   1.	   1.75	   	   	  
13	   7	   3.5	   0.5	   0.	   	  	   	  	  	   	   	   	   	   	   	  
ANOVA	   	  	   	  	   	  	   	  	   	  	   	  	  
Source	  of	  
Variation	  
SS	   df	   MS	   F	   p-­‐level	   F	  crit	  Between	  Groups	   23.62314	   5	   4.72463	   3.36846	   0.01345	   2.47717	  Within	  Groups	   50.49383	   36	   1.40261	   	   	   	  	   	   	   	   	   	   	  
Total	   74.11696	   41	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   Fecal coliforms were the highest during the month of December and July, with 
averages above 3.5 CFU/100 mL.  October and February had the largest range of fecal 
coliform concentrations. The lowest concentration of fecal coliforms was during March, 
which also had the smallest distribution (Figure 17). The surge in fecal coliforms during 
the month of December most likely relates to snowmelt, which can be seen from high 
levels of discharge (Figure	  12). 
	  	  Figure	  17:	  	  Distribution	  of	  Fecal	  Coliforms	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  fecal	  coliforms	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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   Fecal coliforms were highest at sites 2 and 4, and averages increase from 
upstream to downstream. Site 13 has the lowest average concentration of fecal coliforms. 
Error bars show that the highest concentration occurred at site 8 (Figure 18). 
  
	  	  Figure	  18:	  Distribution	  of	  Fecal	  Coliforms	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  fecal	  coliforms	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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   The only statistically significant detection of Aeromonas occurred at site 2, which 
is the most downstream. While Aeromonas was detected at other sites, they are outliers 
(Figure 19). 
	  	  Figure	  19:	  Distribution	  of	  Aeromonas	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  
Aeromonas	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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   Aeromonas concentrations were highest during October, but it was detected 
during November, December, and March (Figure 20). This illustrates the possible 
relationship Aeromonas has with ambient temperature (Figure	  30). 
	  	  Figure	  20:	  Distribution	  of	  Aeromonas	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  
Aeromonas	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers	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   E.coli concentrations show a distinct pattern of increasing as the stream flows 
downstream. The lowest concentration occurred at the most upstream site, site 13, and the 
highest concentration occurred at site 2.  The error bar at site 8 shows that the highest 
overall value occurred at site 8 (Figure 21). 
	  	  Figure	  21:	  Distribution	  of	  E.coli	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  E.coli	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   57	  
	   E.coli concentrations were highest during the month of December, which shows a 
similar pattern, by month, with fecal coliforms (Figure 22; Figure 17). This surge can be 
attributed to snowmelt and discharge. E.coli concentrations were relatively uniform from 
July through November (Figure 17).	  
	  	  Figure	  22:	  Distribution	  of	  E.Coli	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  
E.coli	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	  	  	  	  	  	  	  	  	  	  	  	  	  
	   58	  
	   Salmonella concentrations were highest at site 2, the most downstream site. While 
Salmonella was detected at all sites, the log transformed means for site AW, BW, and 13 
are almost zero, meaning that many of the results were below the method detection limit. 
The wide distribution for site 13 can be attributed to numerous non-detects. This figure 
illustrates the wide range in Salmonella concentrations (Figure 23).	  
	  	  Figure	  23:	  Distribution	  of	  Salmonella	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  
Salmonella	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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 Salmonella concentrations were highest during July and March, but had a wide 
distribution. Salmonella was not detected during the month of November (Figure 24). 
Salmonella concentrations increased during warmer months, and decreased during colder 
months. This relationship is similar to ambient temperatures (Figure	  30). 
	  	  Figure	  24:	  Distribution	  of	  Salmonella	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  
Salmonella	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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   Dissolved	  oxygen	  was	  relatively	  uniform	  between	  sites,	  with	  outliers	  at	  sites	  2,4,	  AW,	  and	  8.	  Dissolved	  oxygen	  concentrations	  slightly	  decreased	  from	  sites	  2	  to	  AW,	  then	  increased	  slightly	  before	  dropping	  again	  at	  site	  13	  (Figure	  25).	  
	  	  Figure	  25:	  Distribution	  of	  Dissolved	  Oxygen	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  dissolved	  oxygen	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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   Dissolved oxygen concentrations were highest during September, and lowest 
during March. The only month with a wide distribution in dissolved oxygen 
concentrations was March, while the other months did not have a wide distribution. 
Dissolved oxygen concentrations increased from December to February, and then 
decreased from February to March (Figure 26). 
	  	  Figure	  26:	  Distribution	  of	  Dissolved	  Oxygen	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  dissolved	  oxygen	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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   Water temperatures between sites are relatively uniform. The water temperature at 
site 8 had the widest range, but the mean is approximately the same as the other sites 
(Figure 27). 
	  	  Figure	  27:	  Distribution	  of	  Water	  Temperature	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  water	  temperature	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   63	  
	  	   Water temperatures showed a distinct pattern of decreasing by month.  The 
distribution of temperatures between all months is small, with the only outlier occurring 
during July. Water temperatures do not seem to influence concentrations of fecal 
coliforms, E.coli, Aeromonas, or Salmonella (Figure 28).	  
	  	  Figure	  28:	  Distribution	  of	  Water	  Temperature	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  water	  temperature	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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   Ambient temperatures showed a marked increase from downstream to upstream. 
This is most likely due to land use patterns of the sites. Distribution of ambient 
temperatures show a wide range for all sites (Figure 29). 	   	  
	  	  Figure	  29:	  Distribution	  of	  Ambient	  Temperature	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  ambient	  temperature	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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 Ambient temperatures showed a general pattern of decreasing during typically 
colder months. Ambient temperatures were highest during the month of August before 
drastically dropping in September. During fall, the temperatures are relatively uniform, 
before dropping again in December. Temperatures increased slightly during March, but 
show a wide range in temperature distribution (Figure 30). 
	  	  Figure	  30:	  Distribution	  of	  Ambient	  Temperature	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  ambient	  temperatures	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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   pH is relatively uniform between sites. All sites are higher than neutral, meaning 
they are slightly basic. Site 13 has the lowest pH, but the widest range in distribution 
(Figure 31). 
	  	  Figure	  31:	  Distribution	  of	  pH	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  pH	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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   The pH between months shows an interesting pattern. The pH drastically 
increased during March, when water temperatures were lowest (Figure	  28). The pH 
shows a pattern of slightly increasing from July through September, and then decreasing 
from September through February (Figure 32).   
	  	  Figure	  32:	  Distribution	  of	  pH	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  pH	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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 The average discharge is lowest at site 13, the most upstream, and highest at site 
4, before decreasing at site 2. While site 13 had the lowest overall discharge, it had a 
wide distribution. Site geography can play a large role in influencing discharge (Figure 
33). 
	  	  Figure	  33:	  Distribution	  of	  Discharge	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  discharge	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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 Discharge was highest during December, when fecal coliforms and E.coli 
concentrations were highest (Figure	  18; Figure	  21). This indicates a snowmelt event 
most likely occurred, increasing water volume and releasing pathogens into the water. 
After December, discharge decreases. Discharge from August to October is relatively 
uniform (Figure 34). 	  
	  	  Figure	  34:	  Distribution	  of	  Discharge	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  discharge	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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 Conductivity was highest at site 2, but remained relatively high at site 4, AW, and 
BW. Conductivity began to drop at site 8, and was the lowest at site 13. Site 13 also had 
the lowest total discharge; so dissolved metals are most likely entering the stream at 
lower sites (Figure	  35).   
	  	  Figure	  35:	  Distribution	  of	  Conductivity	  by	  Site.	  This	  figure	  shows	  the	  distribution	  of	  conductivity	  by	  site.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers	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 Conductivity drastically decreased between November and December, and began 
to increase after December. July and August had the highest conductivity values, and July 
had a wide distribution range. Conductivity for September, October, and November did 
not dramatically change, but did have outliers (Figure 36).  
	  	  Figure	  36:	  Distribution	  of	  Conductivity	  by	  Month.	  This	  figure	  shows	  the	  distribution	  of	  conductivity	  by	  month.	  The	  boxes	  represent	  the	  upper	  and	  lower	  quartiles,	  the	  line	  in	  the	  middle	  of	  the	  box	  represents	  the	  median,	  the	  lines	  outside	  of	  the	  box	  show	  the	  most	  extreme	  values,	  and	  the	  asterisks	  show	  outliers.	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DISCUSSION 
 
Detection of Salmonella & Aeromonas 
 
 This research was conducted to evaluate: if non-typhoid Salmonella and 
Aeromonas spp. were present in 6 sampling sites on Sinking Creek 2. If Salmonella and 
Aeromonas were present, the secondary objective was to evaluate if they correlated with 
fecal indicators (fecal coliforms and E.coli) or other physiochemical parameters. Both 
Salmonella and Aeromonas were detected, however, they did not correlate with fecal 
indicators or physiochemical parameters (Figure 4 – Figure 13). This finding is consistent 
with other pieces of literature (Winfield & Groisman, 2003; McEgan et al., 2013; Pianetti 
et al., 2003).  
 Salmonella was detected at all six sampling sites during all months except for 
November, when Salmonella was not detected at any site (Figure	  24). All Salmonella 
data was log transformed. The highest concentration of Salmonella was detected at site 2, 
with a median of (log) 0.56 MPN/ 100) (Figure 23).  The distribution of Salmonella 
within sites was widely variable (Figure 23). Site 13 had the widest range of Salmonella, 
with a minimum concentration of -0.19 (non-detect) to 1.706 MPN/ 100 mL (Figure 23). 
While the concentration of Salmonella in site 13 is highly variable, it has a median of -
0.19, as do sites AW and 8 (Figure 23). Discharge is lowest at sites 8 (-1.075) and 13 (-
1.490), which may show a relationship between discharge and Salmonella concentrations 
(Figure 23; Figure 33). The variability in range can be attributed to input from land use 
patterns, as well as physiochemical properties (Figure 3). Site 13 is the most upstream 
site and is predominantly forested, and Salmonella detection at this site could indicate 
waterfowl as a source (Mugnai et al., 2015).  Site 2 is the most downstream site and is 
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predominantly used for agriculture with some urban influences from upstream sites 
(Figure 3). This could explain the consistently high concentrations of Salmonella. 
Salmonella was detected the least at site 8, and had the smallest range. Salmonella was 
only detected at site 8 during the months of August and December (Figure 6). Site 8 is 
located in an urban, medium-developed setting. Therefore, these results may not be 
representative of inputs purely from land-use, but a result of complex ecological 
processes (Mugnai et al., 2015; McEgan et al. 2013). One-way ANOVA results show that 
mean Salmonella concentrations between sites are not statistically different (Table 4).  
 Salmonella concentrations were highest during the months of July (median 0.5600 
MPN/100 mL), March (median 0.5050 MPN/100 mL), and August (median 0.0500 
MPN/ 100 mL) (Figure 24). This shows that Salmonella concentrations in Sinking Creek 
are more dependent on ambient temperature (Figure 30) than water temperature, as water 
temperature was the lowest during the month of March, and ambient temperature had the 
highest range during the months of March (Figure 28). By site, Salmonella concentrations 
do not seem to follow this trend, as ambient temperatures increase from the most 
downstream (site 2) to the most upstream (site 13) (Figure 29). Also of note is the 
relatively high median pH during March (8.75) compared to the other months (7.05- 
7.89), which may have influenced Salmonella viability (Figure 32). Salmonella was 
detected during September through December, however, the median value was -0.19 
(non-detect). These results are as expected, due to the affinity of Salmonella to thrive in 
warmer temperatures, yet still maintain environmental viability in cooler temperatures 
(Winfield & Groisman, 2003). Water temperatures between sites were relatively uniform 
(Figure 27). One-way ANOVA results show that mean concentrations of Salmonella 
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between months are not statistically significant (Table 5). However, the Pearson’s 
Correlation Coefficients were significant, so the null hypothesis for Salmonella 
concentrations by month was rejected.	   The null hypothesis states that Salmonella 
concentrations by month do not differ, so rejection means that the month may explain 
concentrations of Salmonella levels (Table 2).  
 Aeromonas was detected in Sinking Creek, yet the concentrations were low 
(Figure 7). The only site with significant detection of Aeromonas was site 2 (median 1.58 
CFU/100 mL). (Figure 19). Aeromonas was detected as site 2 during the months of 
October, November, and December, and March  (Figure 20). Aeromonas is capable of 
adapting to low-nutrient environments, and thrives at 15°C, while warmer temperatures 
preferred by other enteric pathogens decrease population density (Zhang et al., 2014). 
Therefore, these results are consistent with previous studies (Zhang et al., 2014; Maleej et 
al., 2003), and population densities of Aeromonas during colder ambient temperatures 
show a relationship (Figure 10). Interestingly, site 2 has the highest median conductivity 
(315.50) (Figure 35) compared to the other sites, and Aeromonas has been shown to 
interact with iron in oxygen stressed environments by transferring electrons via pili 
(Castro et al., 2014). Whether this interaction is predictive of Aeromonas survival, or if 
conductivity can be predictive of the presence of Aeromonas is inconclusive. Based on a 
one-way ANOVA, Aeromonas means are not significantly different by month, but they 
are significantly different by site (Table 5; Table 6). However, according to the Pearson’s 
Correlation Coefficient Matrix, concentrations of Aeromonas cannot be explained by site 
or month (Table 3).  
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Aeromonas & Salmonella Relationship with Fecal Indicators 
 Salmonella and Aeromonas do not have a significant relationship with fecal 
coliforms or E.coli (Figure 21; Figure 18; Figure 4; Figure 5). Pearson’s Correlation 
Coefficients show that the null hypothesis is accepted for biological indicators as well as 
water quality parameters in the case of both Salmonella and Aeromonas. The null 
hypothesis states that biological indicators and physical parameters cannot explain 
population densities in Sinking Creek. In the specific instance of E. coli versus 
Salmonella, it can be seen that increases and decreases in the concentration of E. coli are 
not related to increases and decreases with Salmonella (Figure 14). This can be explained 
by the different environmental processes that influence the fate and transport, as well the 
metabolic niches, of these organisms (Winfield & Groisman, 2013; Whitman et al., 
2006). Statistically, this non-relationship can be attributed to the large distribution present 
in Salmonella, as well as the relatively small data set. However, certain parameters 
exhibit a qualitative relationship with Salmonella, such as dissolved oxygen (Figure 15; 
Figure 16). Figures 15 and 16 show that Salmonella and dissolved oxygen may have an 
inverse relationship by site, which agrees with current literature (Winfield & Groisman, 
2003; McEgan et al., 2013). These results are congruent with the hypothesis, which stated 
that traditional indicator organisms would not correlate, much less predict, Salmonella 
and Aeromonas concentrations in Sinking Creek. 
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Chapter 4 
CONCLUSION 
The primary goal was to obtain information regarding the presence or absence of 
Salmonella and Aeromonas in Sinking Creek. If these pathogens were detected, the 
secondary goal was to explore their relationship with traditional fecal indicators (E.coli & 
fecal coliforms) as well as their relationship with other physiochemical site parameters. It 
was found that both Salmonella & Aeromonas were detectable in Sinking Creek. 
However, due to limitations such as wide distribution of data, as well as a small data set, 
many statistically significant relationships could not be made. Differences in 
concentrations of Salmonella can be predicted by changes in month, but mean differences 
between site and month concentrations are not statistically significant (Table 2; Table 4; 
Table 5). Aeromonas concentrations cannot be predicted by site or month, yet there is a 
statistically significant difference in the means of Aeromonas concentrations by month 
(Table 3; Table65; Table 7).  
In relation to traditional fecal coliforms, no correlation was observed. This finding 
is consistent with the hypothesis, which stated that no relationship would exist between 
the indicators and specific pathogens. Because fecal coliforms and E.coli do not fluctuate 
in the same manner as Salmonella and Aeromonas and are present when Salmonella and 
Aeromonas are not, this may indicate that E.coli and fecal coliforms are present when 
fecal pollution is not (Whitman et al., 2006). Therefore, E.coli and fecal coliforms may 
not perform as indicator species (Gerba, 1995). At Sinking Creek, the study site, this 
finding could mean that the risk of contracting a pathogen of the fecal-oral route could be 
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inflated. As such, the placement of Sinking Creek on the 303(d) list for fecal impairment 
may not be accurate. 
RECOMMENDATIONS & FUTURE RESEARCH 
 Based on the results of this study, many opportunities for future research exist. 
Due to lack of statistical power, continued research using the same experimental design 
may yield insight around Salmonella and Aeromonas in relation to water quality 
parameters. In addition to water samples, soil and sediment samples could be analyzed 
for Salmonella and Aeromonas. A sub-study of Site 2 with additional parameters, such as 
alkalinity, hardness, and turbidity, could reveal interesting information concerning the 
relatively high-density pollution present at this site. Using this data set in a model may 
further investigate the complex ecological relationships that exist within this microbiome, 
though the model may not be useful in a predictive manner (Oliver et al., 2016; Gonzalez 
& Noble, 2014). In addition, comparing concentrations of alternate species that are 
currently being tested as indicators of fecal pollution (such as Bacteroides and 
coliphages) may also be useful (Savichtcheva & Okabe, 2006).  
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Appendices 
 
Appendix A: Descriptive Results of Salmonella &  Aeromonas  Tests 
 Appendix	  A	  1:	  Descriptive	  Results	  of	  Salmonella	  Positives	  
 Medium/Test	   Salmonella	  Results	   Positive	  Result	  Description	   Negative	  Result	  Description	  MSRV	   Positive	   Colony	  with	  white	  halo	   No	  colonies	  or	  white	  halo	  XLD	   Positive	   Black	  colonies	  or	  red	  colonies	  with	  black	  centers	   Yellow	  colonies	  	  TSI	  (slant/butt)	   Red	  slant	  with	  yellow	  butt,	  possible	  black	  with	  H2S	  production	  
Red	  slant	  with	  yellow	  butt,	  possible	  black	  with	  H2S	  production	  
Yellow	  slant	  and	  yellow	  butt	  
LIA	  (slant/butt)	   Purple	  slant	  with	  purple	  butt,	  possible	  black	  with	  H2S	  production	  
Purple	  slant	  with	  purple	  butt,	  possible	  black	  with	  H2S	  production	  
Red	  slant	  with	  yellow	  butt	  
Urea	  broth	   Negative	   Pink	  to	  red	  color	  change	   No	  color	  change	  	  Appendix	  A	  2:	  Descriptive	  Results	  of	  Aeromonas	  Positives	  	  Medium/Test	   Aeromonas	  Results	   Positive	  Result	  Description	   Negative	  Results	  Description	  ADA-­‐V	   Yellow	  colony	   Yellow	  colony	   No	  growth,	  blue	  colonies	  Nutrient	  Agar	   Growth	  of	  colonies	   Growth	  of	  colonies	   No	  colony	  growth	  Oxidase	   Blue/purple	  color	   Blue/purple	  color	   No	  color	  change	  Trehalose	   Color	  change	  from	  yellow	  to	  purple	   Color	  change	  from	  yellow	  to	  purple	   No	  color	  change,	  yellow	  color	  persists	  Indole/Kovac’s	  Reagent	   Pink	  to	  red	  color	   Pink	  to	  red	  color	   No	  color	  change	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  Appendix	  B:	  Raw	  Data	  &	  Calculations	  for	  Salmonella	  &	  Aeromonas	  	  Appendix	  B	  1:	  July	  2015	  Salmonella	  Dilution	  Positives	  	  
Site Dilution 
Positives 
MPN 
Index 
MPN/100 mL Site Geo Mean 
Salmonella 
(MPN/100 mL) 
Log 
Salmonella 
 2A 0 0.0064 0.64 4.72 0.67 
2B 5-4-4 0.3475 34.75   
4A 0 0.0064 0.64 0.64 -0.19 
4B 0 0.0064 0.64   
8A 0 0.0064 0.64 0.64 -0.19 
8B 0 0.0064 0.64   
13A 5-5-3 0.9178 91.78 51.00 1.71 
13B 5-4-3 0.2834 28.34   
AWA 5-3-3 0.1895 18.95 17.49 1.24 
AWB 5-3-2 0.1614 16.14   
BWA 5-2-2 0.1227 12.27 2.80 0.45 
BWB 0 .0064 .64   	  Appendix	  B	  2:	  August	  2015	  Salmonella	  Dilution	  Positives	  	  Site	   Dilution	  Positives	   MPN	  Index	   MPN/100	  mL	   Site	  Geo	  Mean	  Salmonella	  (MPN/100	  mL)	  
Log	  Salmonella	  
2A	   5-­‐2-­‐0	   0.0879	   8.79	   6.52	   0.81	  2B	   4-­‐1-­‐0	   0.0484	   4.84	   	   	  4A	   4-­‐4-­‐1	   0.1181	   11.81	   10.05	   1.00	  4B	   3-­‐4-­‐1	   0.0856	   8.56	   	   	  8A	   2-­‐0-­‐0	   0.0155	   1.55	   1.06	   0.02	  8B	   2-­‐0-­‐0	   0.0072	   0.72	   	   	  13A	   4-­‐4-­‐3	   0.1563	   15.63	   50.15	   1.70	  13B	   5-­‐5-­‐4	   1.609	   160.9	   	   	  AWA	   4-­‐0-­‐0	   0.0381	   3.81	   1.56	   0.19	  AWB	   0	   0.0064	   0.64	   	   	  BWA	   1-­‐0-­‐0	   0.0072	   0.72	   1.02	   0.01	  BWB	   1-­‐1-­‐0	   .0144	   1.44	   	   	  	  	  Appendix	  B	  3:	  September	  2015	  Salmonella	  Dilution	  Positives	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Site Dilution Positives MPN 
Index 
MPN/100 mL Site Geometric 
Mean 
Salmonella 
(MPN/100 mL) 
Log Salmonella 
2A 0 0.0064 0.64 0.64 -0.19 
2B 0 0.0064 0.64   
4A 0 0.0064 0.64 0.64 -0.19 
4B 0 0.0064 0.64   
8A 0 0.0064 0.64 0.64 -0.19 
8B 0 0.0064 0.64   
13A 4-2-0 0.0626 6.26 6.51 0.81 
13B 5-1-0 0.0678 6.78   
AWA 1-1-0 0.0144 1.44 0.96 -0.02 
AWB 0 0.0064 0.64   
BWA 0 0.0064 0.64 0.64 -0.19 
BWB 0 0.0064 0.64   	  Appendix	  B	  4:	  October	  2015	  Salmonella	  Dilution	  Positives	  	  Site	   Dilution	  Positives	   MPN	  Index	   MPN/100	  mL	   Site	  Geometric	  Mean	  Salmonella	  (MPN/100	  mL)	   Log	  Salmonella	  2A	   5-­‐5-­‐2	   0.5422	   54.22	   22.54	   1.35	  2B	   4-­‐3-­‐1	   0.0937	   9.37	   	   	  4A	   3-­‐0-­‐0	   0.0255	   2.55	   1.99	   0.30	  4B	   2-­‐0-­‐0	   0.0155	   1.55	   	   	  8A	   0-­‐0-­‐0	   0.0064	   0.64	   0.64	   -­‐0.19	  8B	   0-­‐0-­‐1	   0.0064	   0.64	   	   	  13A	   0-­‐0-­‐2	   0.0064	   0.64	   0.64	   -­‐0.19	  13B	   0-­‐0-­‐3	   0.0064	   0.64	   	   	  AWA	   0-­‐0-­‐4	   0.0064	   0.64	   0.64	   -­‐0.19	  AWB	   0-­‐0-­‐5	   0.0064	   0.64	   	   	  BWA	   0-­‐0-­‐6	   0.0064	   0.64	   0.64	   -­‐0.19	  BWB	   0-­‐0-­‐7	   0.0064	   0.64	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Appendix	  B	  5:	  November	  2015	  Salmonella	  Dilution	  Positives	  	  Site	   Dilution	  Positives	   MPN	  Index	   MPN/100	  mL	   Site	  Geometric	  Mean	  Salmonella	  (MPN/100	  mL)	   Log	  Salmonella	  2A	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  2B	   0	   0.0064	   0.64	   	   	  4A	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  4B	   0	   0.0064	   0.64	   	   	  8A	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  8B	   0	   0.0064	   0.64	   	   	  13A	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  13B	   0	   0.0064	   0.64	   	   	  AWA	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  AWB	   0	   0.0064	   0.64	   	   	  BWA	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  BWB	   0	   0.0064	   0.64	   	   	  	  Appendix	  B	  6:	  December	  205	  Salmonella	  Dilution	  Positives	  	  Site	   Dilution	  Positives	   MPN	  Index	   MPN/100	  mL	   Site	  Geometric	  Mean	  Salmonella	  (MPN/100	  mL)	   Log	  Salmonella	  2A	   2-­‐0-­‐0	   0.0155	   1.55	   1.06	   0.02	  2B	   1-­‐0-­‐0	   0.0072	   0.72	   	   	  4A	   1-­‐0-­‐0	   0.0064	   0.64	   0.64	   -­‐0.19	  4B	   0	   0.0064	   0.64	   	   	  8A	   1-­‐0-­‐0	   0.0072	   0.72	   1.30	   0.11	  8B	   2-­‐1-­‐0	   0.0234	   2.34	   	   	  13A	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  13B	   0	   0.0064	   0.64	   	   	  AWA	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  AWB	   0	   0.0064	   0.64	   	   	  BWA	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  BWB	   0	   0.0064	   0.64	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Appendix	  B	  7:	  February	  2016	  Salmonella	  Dilution	  Positives	  	  Site	   Dilution	  Positives	   MPN	  Index	   MPN/100	  mL	   Site	  Geometric	  Mean	  Salmonella	  (MPN/100	  mL)	   Log	  Salmonella	  2A	   2-­‐1-­‐0	   0.0234	   2.34	   2.77	   0.44	  2B	   2-­‐2-­‐0	   0.0327	   3.27	   	   	  4A	   1-­‐0-­‐0	   0.0072	   0.72	   1.57	   0.20	  4B	   3-­‐1-­‐0	   0.0344	   3.44	   	   	  8A	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  8B	   0	   0.0064	   0.64	   	   	  13A	   1-­‐0-­‐0	   0.0072	   0.72	   0.68	   -­‐0.17	  13B	   0	   0.0064	   0.64	   	   	  AWA	   5-­‐3-­‐1	   0.1368	   13.68	   11.96	   1.08	  AWB	   5-­‐2-­‐1	   0.1046	   10.46	   	   	  BWA	   4-­‐1-­‐0	   0.0484	   4.84	   5.73	   0.76	  BWB	   5-­‐1-­‐0	   0.0678	   6.78	   	   	  	  Appendix	  B	  8:	  March	  2016	  Salmonella	  Dilution	  Positives	  	  Site	   Dilution	  Positives	   MPN	  Index	   MPN/100	  mL	  	   Site	  Geometric	  Mean	  Salmonella	  (MPN/100	  mL)	   Log	  Salmonella	  2A	   5-­‐2-­‐0	   0.0879	   8.79	   17.48	   1.24	  2B	   5-­‐5-­‐1	   0.3477	   34.77	   	   	  4A	   5-­‐3-­‐2	   0.1614	   16.14	   15.92	   1.20	  4B	   5-­‐4-­‐0	   0.1571	   15.71	   	   	  8A	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  8B	   0	   0.0064	   0.64	   	   	  13A	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  13B	   0	   0.0064	   0.64	   	   	  AWA	   5-­‐3-­‐2	   0.1614	   16.14	   16.14	   1.21	  AWB	   5-­‐3-­‐2	   0.1614	   16.14	   	   	  BWA	   0	   0.0064	   0.64	   0.64	   -­‐0.19	  BWB	   0	   0.0064	   0.64	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Appendix	  B	  9:	  Aeromonas	  Positives	  &	  Calculations	  	  Month	   Site	   Number	  Positive	  Colonies	   Number	  Colonies	  Submitted	  for	  Testing	  
Number	  of	  Presumptive	  Colonies	   100/Volume	  Filtered	  (500	  mL)	   CFU/100	  mL	  October	   2A	   2	   6	   30	   0.2	   2	  	   2B	   6	   6	   35	   0.2	   7	  	   8A	   4	   5	   25	   0.2	   4	  	   8B	   4	   5	   25	   0.2	   4	  	   AWA	   3	   5	   10	   0.2	   1	  	   AWB	   4	   5	   5	   0.2	   1	  November	   2A	   5	   7	   20	   0.2	   3	  	   2B	   6	   7	   30	   0.2	   5	  	   4A	   2	   5	   10	   0.2	   1	  December	   2A	   10	   10	   45	   0.2	   9	  	   2B	   8	   10	   35	   0.2	   6	  March	   2A	   7	   7	   25	   0.2	   5	  	  Appendix	  C:	  Summary	  Statistics	  to	  Accompany	  BoxPlots	  	  Appendix	  C	  1:	  Fecal	  Coliforms	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
July 6 3.1100 3.3875 3.6400 3.8650 4.1200 (3.2421, 3.9986) 
August 6 2.6900 2.7425 3.2100 3.5925 3.6000 (2.7150, 3.5964) 
September 6 2.80000 2.93500 3.21000 3.34500 3.39000 (2.86429, 3.36857) 
October 6 1.8700 2.0275 2.7400 3.1600 3.2200 (1.9450, 3.1914) 
November 6 2.0000 2.4950 2.7250 2.8200 2.8200 (2.2357, 2.8200) 
December 6 2.9800 3.3100 3.5550 3.7800 3.9600 (3.1371, 3.8743) 
February 6 2.0000 2.3450 3.2800 3.3525 3.4500 (2.1643, 3.4036) 
March 6 2.00000 2.00000 2.05000 2.12500 2.20000 (2.00000, 2.16429) 
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  Appendix	  C	  2:	  Fecal	  Coliforms	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 8 2.2000 2.7800 3.2900 3.5550 3.7800 (2.6304, 3.6116) 
4 8 2.1000 2.8625 3.3500 3.6425 3.7200 (2.7456, 3.6639) 
AW 8 1.8700 2.2650 3.0450 3.4725 3.9600 (2.0852, 3.5109) 
BW 8 2.0000 2.9025 3.2700 3.4050 3.6200 (2.7672, 3.4422) 
8 8 2.0000 2.1750 2.7300 3.5325 4.1200 (2.0749, 3.7083) 
13 8 2.0000 2.0000 2.5450 2.9800 3.1100 (2.0000, 2.9884) 
 	  	  Appendix	  C	  3:	  Aeromonas	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 7 0.5000 0.5000 1.5800 3.8700 7.3500 (0.5000, 4.7980) 
4 7 0.50000 0.50000 0.50000 0.50000 0.71000 (0.50000, 0.55600) 
AW 7 0.5 0.5 0.5 0.5 0.5 (0.5, 0.5) 
BW 7 0.50000 0.50000 0.50000 0.50000 1.00000 (0.50000, 0.63333) 
8 7 0.5000 0.5000 0.5000 0.5000 4.0000 (0.5000, 1.4333) 
13 7 0.5 0.5 0.5 0.5 0.5 (0.5, 0.5) 
 	  Appendix	  C	  4:	  Aeromonas	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
August 6 0.5 0.5 0.5 0.5 0.5 (0.5, 0.5) 
September 6 0.5 0.5 0.5 0.5 0.5 (0.5, 0.5) 
October 6 0.5000 0.5000 0.7500 3.8050 4.0000 (0.5000, 3.9071) 
November 6 0.5000 0.5000 0.5000 1.5000 3.8700 (0.5000, 2.7414) 
December 6 0.500 0.500 0.500 2.213 7.350 (0.500, 4.904) 
February 6 0.5 0.5 0.5 0.5 0.5 (0.5, 0.5) 
March 6 0.5000 0.5000 0.5000 0.7700 1.5800 (0.5000, 1.1943) 
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  Appendix	  C	  5:	  E.coli	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 8 2.8000 2.8850 3.0150 3.4700 4.3500 (2.8655, 3.6483) 
4 8 2.6100 2.8100 2.9300 3.6225 4.4500 (2.7784, 3.7950) 
AW 8 2.0000 2.4900 2.5500 3.5825 4.4600 (2.4585, 3.8612) 
BW 8 1.7000 2.0000 2.3000 3.2175 4.4900 (1.9807, 3.5263) 
8 8 1.7000 1.7750 2.0000 3.4400 5.1900 (1.7000, 3.9082) 
13 8 1.7000 1.8500 2.3000 2.3000 2.9900 (1.7000, 2.3444) 
 	  	  Appendix	  C	  6:	  E.Coli	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
July 6 2.3000 2.3000 2.8000 3.7275 5.1900 (2.3000, 4.4936) 
August 6 2.0000 2.2250 2.6800 2.8850 2.9300 (2.1071, 2.9086) 
September 6 1.7000 1.7000 2.3950 2.7925 2.8000 (1.7000, 2.7964) 
October 6 1.7000 1.9250 2.5500 3.0025 3.0400 (1.8071, 3.0221) 
November 6 2.0000 2.0000 2.1500 2.8700 2.8700 (2.0000, 2.8700) 
December 6 2.3000 3.4400 4.4000 4.4675 4.4900 (2.8429, 4.4793) 
February 6 1.7000 2.1500 3.5300 3.7675 3.8200 (1.9143, 3.7950) 
March 6 1.7000 1.9250 2.3950 3.0125 3.0800 (1.8071, 3.0479) 
 	  Appendix	  C	  7:	  Salmonella	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 8 -0.1900 -0.1375 0.5550 1.1325 1.3500 (-0.1900, 1.2471) 
4 8 -0.1900 -0.1900 0.0050 0.8250 1.2000 (-0.1900, 1.0129) 
AW 8 -0.1900 -0.1900 -0.1900 0.3400 0.7600 (-0.1900, 0.4700) 
BW 8 -0.1900 -0.1900 0.0850 1.1775 1.2400 (-0.1900, 1.2119) 
8 8 -0.19000 -0.19000 -0.19000 -0.03250 0.11000 (-0.19000, 0.02579) 
13 8 -0.1900 -0.1900 -0.1800 1.4775 1.7100 (-0.1900, 1.7006) 
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  Appendix	  C	  8:	  Salmonella	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
July 6 -0.1900 -0.1900 0.5600 1.3575 1.7100 (-0.1900, 1.5421) 
August 6 0.0100 0.0175 0.5000 1.1750 1.7000 (0.0136, 1.4500) 
September 6 -0.1900 -0.1900 -0.1900 0.1875 0.8100 (-0.1900, 0.5136) 
October 6 -0.1900 -0.1900 -0.1900 0.5625 1.3500 (-0.1900, 0.9750) 
November 6 -0.19 -0.19 -0.19 -0.19 -0.19 (-0.19, -0.19) 
December 6 -0.19000 -0.19000 -0.19000 0.04250 0.11000 (-0.19000, 0.07786) 
February 6 -0.1900 -0.1750 0.3200 0.8400 1.0800 (-0.1829, 0.9657) 
March 6 -0.1900 -0.1900 0.5050 1.2175 1.2400 (-0.1900, 1.2293) 
 	  Appendix	  C	  9:	  Dissolved	  Oxygen	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 8 2.5000 8.1250 8.8000 10.0250 11.5000 (7.7396, 10.3772) 
4 8 4.2000 8.0250 8.5500 9.7750 12.5000 (7.7554, 10.1609) 
AW 8 3.4000 7.8250 8.2000 10.3000 11.1000 (7.5168, 10.4450) 
BW 8 8.2000 8.3750 8.6500 10.1000 11.6000 (8.2936, 10.2901) 
8 8 3.8000 7.9500 8.6000 10.3750 12.0000 (7.6361, 10.8772) 
13 8 5.5000 7.7500 8.3000 9.5750 10.3000 (7.5584, 10.0193) 
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   93	  
	  	  	  Appendix	  C	  10:	  Dissolved	  Oxygen	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
July 6 7.7000 7.8500 8.1000 8.3000 8.6000 (7.7714, 8.4571) 
August 6 7.9000 7.9000 8.1000 8.3250 8.7000 (7.9000, 8.5214) 
September 6 8.3000 10.4000 11.5500 12.1250 12.5000 (9.3000, 12.3214) 
October 6 8.7000 8.9250 9.5000 10.1000 10.4000 (8.8071, 10.2571) 
November 6 7.8000 8.1750 8.8500 9.1000 9.1000 (7.9786, 9.1000) 
December 6 8.10000 8.17500 8.30000 8.42500 8.50000 (8.13571, 8.46429) 
February 6 10.0000 10.0000 10.2500 10.4250 10.8000 (10.0000, 10.6214) 
March 6 2.5000 3.1750 4.0000 6.1750 8.2000 (2.8214, 7.2357) 
 	  Appendix	  C	  11:	  Water	  Temperature	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 8 8.900 11.775 14.700 17.100 18.100 (11.052, 17.726) 
4 8 8.200 11.325 14.700 17.325 18.200 (10.539, 18.106) 
AW 8 8.800 11.275 14.650 16.675 17.900 (10.578, 17.339) 
BW 8 9.400 11.225 15.050 16.700 18.100 (10.616, 17.164) 
8 8 7.400 10.925 16.000 18.650 24.000 (10.113, 19.509) 
13 8 6.000 9.850 15.700 18.400 19.600 (8.900, 19.226) 
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  Appendix	  C	  12:	  Water	  Temperature	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
July 6 17.9000 18.0500 18.1500 20.4000 24.0000 (17.9714, 22.2857) 
August 6 17.1000 17.2500 17.9000 19.3000 19.6000 (17.1714, 19.4571) 
September 6 14.2000 14.5750 14.9500 16.2500 17.0000 (14.3786, 16.6429) 
October 6 14.7000 14.7750 15.3000 15.5500 15.7000 (14.7357, 15.6286) 
November 6 14.6000 14.8250 15.1000 15.9500 16.7000 (14.7071, 16.3429) 
December 6 12.1000 12.6250 12.9000 13.2750 13.5000 (12.3500, 13.3929) 
February 6 9.1000 10.0000 10.7000 10.8250 11.2000 (9.5286, 11.0214) 
March 6 6.0000 7.0500 8.5000 9.0250 9.4000 (6.5000, 9.2214) 
 	  	  Appendix	  C	  13:	  Ambient	  Temperature	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 8 7.700 10.200 13.000 20.750 24.200 (9.758, 23.171) 
4 8 9.500 11.600 14.950 21.725 24.300 (10.903, 23.551) 
AW 8 12.000 12.625 16.150 22.900 26.000 (12.094, 24.877) 
BW 8 12.100 12.925 16.700 23.975 26.100 (12.474, 26.006) 
8 8 11.100 14.650 20.900 25.000 28.100 (13.065, 25.854) 
13 8 11.700 15.200 22.600 25.500 28.900 (13.478, 26.187) 
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  Appendix	  C	  14:	  Ambient	  Temperature	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
July 6 24.2000 24.2750 25.8500 26.0000 26.0000 (24.2357, 26.0000) 
August 6 23.1000 23.4000 25.4500 28.3000 28.9000 (23.2429, 28.6143) 
September 6 12.600 14.850 17.300 21.825 23.400 (13.671, 22.650) 
October 6 11.100 12.825 15.550 19.250 20.000 (11.921, 19.643) 
November 6 13.700 15.725 17.550 20.825 21.800 (14.664, 21.336) 
December 6 11.1000 11.5500 12.1000 13.6250 14.3000 (11.3143, 13.9786) 
February 6 9.9000 10.7250 12.2500 13.3000 13.6000 (10.2929, 13.4571) 
March 6 7.700 9.050 14.200 23.175 24.000 (8.343, 23.607) 
 	  	  Appendix	  C	  15:	  pH	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 8 6.1600 7.0975 7.4550 7.7625 8.5300 (7.0021, 7.8189) 
4 8 7.1100 7.3100 7.6750 8.0075 8.8100 (7.2878, 8.1270) 
AW 8 7.0500 7.2675 7.7050 7.9050 8.7000 (7.1903, 7.9983) 
BW 8 6.9500 7.1925 7.6200 7.9025 8.7900 (7.0903, 8.0041) 
8 8 6.9000 7.0025 7.5750 7.8300 8.7100 (6.9561, 7.8866) 
13 8 6.5800 6.9700 7.2400 7.9225 9.2300 (6.8794, 8.1447) 
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  Appendix	  C	  16:	  pH	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
July 6 6.9600 7.1325 7.4700 7.6500 7.7700 (7.0421, 7.7129) 
August 6 7.18000 7.45750 7.66500 7.75250 7.79000 (7.31214, 7.77214) 
September 6 7.51000 7.68250 7.76500 7.89000 8.07000 (7.59214, 7.98429) 
October 6 7.21000 7.27000 7.44000 7.69000 7.69000 (7.23857, 7.69000) 
November 6 6.1600 7.1500 7.8900 7.9825 8.0800 (6.6314, 8.0336) 
December 6 6.90000 6.90000 7.15000 7.32500 7.40000 (6.90000, 7.36429) 
February 6 6.58000 6.85750 7.05500 7.11500 7.13000 (6.71214, 7.12286) 
March 6 8.53000 8.65750 8.75000 8.91500 9.23000 (8.59071, 9.08000) 
 Appendix	  C	  17:	  Discharge	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 8 -1.1900 -1.1400 -0.8050 -0.0575 0.4400 (-1.1619, 0.0377) 
4 8 -0.7200 -0.5550 -0.1850 0.2475 0.4300 (-0.5703, 0.2803) 
AW 8 -1.0400 -0.9500 -0.6750 -0.1300 0.0900 (-0.9558, -0.0878) 
BW 8 -1.2600 -1.2275 -0.8800 -0.1575 0.2600 (-1.2506, -0.0394) 
8 8 -1.9200 -1.4975 -1.0750 -0.1150 0.2200 (-1.5364, -0.0139) 
13 8 -2.2200 -2.1550 -1.4900 -0.5500 0.1300 (-2.2200, -0.3752) 
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  Appendix	  C	  18:	  Discharge	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
July 6 -1.0600 -0.8050 -0.5400 -0.2850 -0.0300 (-0.9386, -0.1514) 
August 6 -2.2200 -1.6500 -1.0800 -0.7450 -0.3400 (-1.9486, -0.5329) 
September 6 -2.2200 -1.6875 -1.0600 -0.9150 -0.5400 (-1.9664, -0.7186) 
October 6 -1.9600 -1.5475 -1.2050 -0.8925 -0.7200 (-1.7636, -0.8021) 
November 6 -1.9200 -1.9200 -1.2250 -0.8525 -0.5600 (-1.9200, -0.6993) 
December 6 0.09000 0.12000 0.24000 0.43250 0.44000 (0.10429, 0.43643) 
February 6 -0.41000 -0.17750 -0.04500 0.07500 0.27000 (-0.29929, 0.17714) 
March 6 -0.9700 -0.7975 -0.3550 -0.1200 0.1800 (-0.8879, 0.0371) 
 	  Appendix	  C	  19:	  Conductivity	  by	  Site	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
2 8 130.00 216.25 315.50 334.50 338.00 (188.01, 338.00) 
4 8 66.00 191.25 299.50 306.25 318.00 (160.50, 307.71) 
AW 8 101.00 180.75 299.50 304.75 315.00 (148.72, 305.64) 
BW 8 97.00 115.25 299.00 303.00 306.00 (103.55, 304.13) 
8 8 71.00 99.00 226.00 267.75 270.00 (79.42, 268.13) 
13 8 29.000 33.500 74.000 86.750 88.000 (29.936, 87.064) 
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Appendix	  C	  20:	  Conductivity	  by	  Month	  
Summary Statistics 
 
Variable N Minimum Q1 Median Q3 Maximum 95% Median CI 
July 6 63.00 132.75 302.00 314.75 338.00 (96.21, 326.93) 
August 6 87.00 215.25 310.50 323.00 338.00 (148.07, 330.86) 
September 6 88.00 224.50 298.00 303.00 312.00 (153.00, 307.71) 
October 6 86.00 222.50 302.00 309.00 324.00 (151.00, 316.86) 
November 6 85.00 221.50 300.00 308.50 319.00 (150.00, 314.00) 
December 6 29.00 56.75 84.00 108.25 130.00 (42.21, 119.64) 
February 6 30.00 67.50 150.50 173.25 192.00 (47.86, 183.07) 
March 6 44.00 89.00 229.00 272.50 289.00 (65.43, 281.14) 
 	  	  
 
